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PREFACE
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Mr. G. Britt Mitchell, Chief, Engineering Group, Soil Mechanics Division

(SMD), Geotechnical Laboratory (GL), was Technical Monitor for the WES, under

the supervisior. of Mr. C. L. McAnear, Chief, SMD, GL, and under the general

supervision of Dr. W. F. Marcuson III, Chief, GL. The following individuals

provided valuable contributions: from the LMS, P. J. Conroy, T. L. Crump,

B. H. G. J. bPostal, J. L. Schwenk, and T. F. Wolff; from the WES,

Moore,

G. B. Mitchell, and J. B. Palmerton; from Texas A&M University

R. F. Anderson,

(TAMU), T. E. Braswell, H. M. Coyle, L. G. Huff, W. D. Lawson, and M. A.

Shihadeh. Messrs. Larry M. Tucker and Jean-Louis Briaud, TAMU, prepared the

report.

COL Dwayne G. Lee, CE, is the Commander and Director. Dr. R. W. Whalin

is Technical Director.
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EXECUTIVE SUMMARY

A pile load test program was carried out for the new Lock and Dam

26 on the Mississippi River. Twenty-eight axial load tests and two

lateral load tests were performed on H-piles and pipe piles. An in situ
test program was conducted which consisted of four cone penetration test
(CPT) soundings, twelve pressuremeter test (PMT) borings and four stan-

dard penetration test (SPT) borings.

The soil consisted of about 10 ft of alluvial deposits of poorly

graded sands (SP) with some gravel having SPT blowcounts ranging from

15 to 40 blows per foot (bpf). Beneath this was about 45 ft of glacial
deposits, predominantly of medium to coarse sand with gravel and cob-
bles, having SPT blowcounts ranging from 30 to 90 bpf with occasional
refusal (>100 bpf). A hard clay layer with sand and gravel (glacial
till, CL) about 3 ft thick lay between the sand and the limestone bed-
rock.

Overall, the sand layers had the following properties: dry unit
weight - 110 pcf, water content - 19%, friction angle - 35°, average SPT
blow count along the side of the piles - 30 bpf, average SPT blowcount
at the pile tip - 65 bpf, average CPT sleeve friction - 0.8 tsf, average
CPT point resistance - 225 tsf, average PMT net limit pressure along the
side of the piles - 17 tsf, average PMT net limit pressure at the pile
tip - 32 tsf. A statistical analysis of 13 SPT borings in the general
test area showed an average horizontal coefficient of variation of 38%.

The axial load test program consisted of 13 tension and 9 compres-
sion tests of driven HPl4x73 piles and one tension and one compression

test on 12 in., 14 in. and 16 in. diameter pipe piles. The H-piles

varied in length from 37 ft to 71 ft. The pipe piles varied in iength
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from 36 ft to 48 ft. The pipe piles were filled with sand during the

tension tests and with concrete during the compression tests. Thirteen
of the H-piles were driven vertically and eight were driven on a 1:2.5
batter to determine the effect of pile batter on axial capacity. Eleven
of the H-piles were tested using the ASTM Standard procedure and eleven
were tested using the ASTM Quick procedure to determine the effect of
test procedure on pile capacity. The pipe piles were all driven verti-
cally and tested using the ASTM Standard procedure.

The piles were all driven with an ICE 640 diesel pile driving ham-
mer with a rated maximum energy of 40,000 ft-1lbs. The average blow
count for the last foot of penetration ranged from 9 to 38 bpf with an
average of 25 bpf for the short piles which stopped in the soil above
the bedrock, and from 63 to 81 bpf with an average of 74 bpf for the
long piles driven to bedrock.

The ultimate capacity of the piles was defined as the load at a
settlement equal to one-tenth of the pile diameter plus the elastic
compression of the pile under this load. The stiffness of :he pile is
defined as the allowable load (assuming a factor of safety of 2) divided
by the settlement at that load. Since the load-settlement curves are
approximately linear up to this point the stiffness is simply the init-
ial slope of the load-settlement curve.

The ultimate load for battered H-piles averaged 12% higher in ten-
sion and 25% lower in compression than comparable vertical H-piles. The
initial stiffness of the battered H-piles averaged 74% higher in tension
and 23% higher in compression than comparable vertical H-piles.

The ultimate load for Quick load tests on H-piles averaged 65%

higher in tension and 43% higher in compression than Standard ioad tests
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on comparable H-piles. The initial stiffness for Quick load tests on H-

piles averaged 106% higher in tension and 5% lower in compression than
Standard load tests on comparable H-piles.

The ultimate load for two H-piles with similar length, batter and
load te: - procedure in the same pile group varied by 84%.

The settlements at working loads were small, however, the
settlements of the H-piles averaged about three times those of the pipe
piles in both tension and compression. The friction on the H-piles in
tension averaged 24% lower than the friction of the pipe piles in ten-
sion. Both of these facts may be due to the larger displaced volume of
the pipe piles, since they were driven closed-ended.

During driving residual stresses are locked into the pile as it
tries to decompress after the hammer blow. The residual point loads on
the H-piles averaged 26.5 tons which is 30% of the average point load
measured in the compression tests.

Both dynamic capacity prediction methods, the Engineering News
Formula and the Case method, gave predicted ultimate loads which were
much lower than the ultimate loads measured in the load tests. A Wave
Equation analysis showed that in order to match the ultimate loads in
the load test a damping value of zero had to be used. In other words, a
phenomenon similar to "setup" in clay may have taken place in this sand
and gravel deposit. An analysis of the load transfer curves on four of
the instrumented compression tests showed an average quake of 0.19
in. at the point and 0.11 in. on the side.

Eight static capacity methods were used to predict the pile capaci-

ties using the in situ tests results. The A.P.I. method was the best
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‘_:f SPT method for H-piles in tension and pipe piles in compression. The
N
( { Briaud/Tucker method was the best SPT method for H-piles in compression
G
; :::; and pipe piles in tension. The deRuiter/Beringen method was the best
NN
) y
-::' CPT method for H-piles in tension and compression, and the Laboratocire
'..‘.
v ) des Ponts et Chaussees method was the best CPT method for pipe piles in
LY«
S
:\‘_\-:'_\ tension and compression. Based on an analysis of the predictions it was
,.¢:
4! a}
X :: found that the H-piles capacities should be predicted using the peri-
v
meter of the enclosing rectangle for piles in tension. However, for
;—t compression capacity the H-piles should be assumed to be half-plugged,
SO
>
o as this gives much better agreement with the measured point and side
." load distribution than either the full-plugged or unplugged assumptions.
:’-.‘: The lateral load test program consisted of two 67 ft long H-piles
b
o which were jacked apart while measuring the deflection of each pile. The
b
- ] loading procedure included 25 cycles. Three methods were used to pre-
":9‘ dict the monotonic pile response: the conventional P-y curves proposed
)
_::‘ by Reese et al., Broms’ coefficient of subgrade reaction approach and

it

-y
A

‘i

Briaud et al. pressuremeter method. The conventional P-y cur- e predic-

.'n’;'b

tion was very conservative. Broms’ method matched the measured response

XA
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well within the working load range. The pressuremeter method matched

¥
)
oXX

the entire load-deflection curve very well.

¢‘.:‘_1_.

[ I

i

..l fl "\

s
S

ANy y
2ot
AAAAAILINE R

cocoaxcl)
s Z
'_l.‘:.':. ," '_1 :

LS
PO

-

&.

VoL

LS ' LAY S § W
& z_’:\x),. .4.::"::;‘;\"-\ : M ~: ‘ 1.‘&
". "'1‘ s, Y ot X . .’.l...').!'c..'l':‘l‘. hal, '\.l o)

"w“' VGRS '\ W -&"' A

N
R T g R




TABLE OF CONTENTS

Page

1. INTRODUCTION . . . . . . . .« . o v v v i e e e e e e 1
2. THE SITE AND THE SOIL e e e e e e e 2
2.1 The Test Site Location . . . . . . . . . . . . .. ... 2

2.2 Soil Conditions e e e e e e 2

2.3 Soil Variability . . . . . . . . . . . . ... 15

3. THE AXIAL PILE LOAD TEST PROGRAM . . . . . . . . . . . . . .. 17
3.1 The Objectives . . . . . . . . . . . . .00 17

3.2 The Piles . . . e e e e e 17

3.3 The Load Test Procedures .o e e e 19

3.4 Definition of Measured Ultlmate Load .......... 19

3.5 Load Test Results . . . . . . . . . . . . . . . . . . .. 22
3.5.1 Ultimate Loads . . . . . . . . . . . . . . . . .. 22

3.5.2 Residual Loads . . . e e e e 27

3.5.3 Shape of Load- Settlement Curve e e e e e 28

3.5.4 Effect of Pile Batter . . e e e 28

3.5.5 Effect of Load Test Procedure e e e e 31

3.5.6 Variability Across Site . . . . . . . . . . . .. 32

3.6 Load Transfer Curves . . . . . . . . . . . . . . . .. 33

4., PREDICTED AXIAL PILE RESPONSE . . . . . . . . . . . . . ... 37
4.1 Pile Driving Analysis . . . e e e e e e e e 37
4.1.1 Pile Driving Analyzer e e e e e e e e 37

4.1.2 Wave Equation Analysis . . . . . . . . . . . . .. 37

4.1.3 Engineering News Formula . . . . . . . . . . . .. 42

4.2 Static Capacity Prediction Methods . . . Coe e e 43

4.3 Comparison of Predicted and Measured Results ...... 44

4.4 Discussion of Results . . . . . . . . . . . . . .. ... 45

5. THE LATERAL LOAD TEST PROGRAM . . . . . . . . . . . . . . .. S&
5.1 The Load Test Program . . . . . . . . . . . .« « . . . .. 54

5.2 The Prediction Methods . . . . G e e 54

5.3 Comparison of Predicted and Measured Results ...... 58

6. CONCLUSIONS . . . . . . . .« o o v o v e e e e e e 60
7. REFERENCES . . . . . . . . . . . . . e 62

SRl
Hh "x)'i:"l_s

‘.7
lJ‘aJ 0,

v
»

ll.

el

LR VN
"/_{A

vi

&
»

°

’
‘
. a

R

Q
".ﬂ'.'-'-.‘. At :‘a':'




=

o

=
~
i}
-
0

- i &
2Pl L2
RN N

’Qﬂ:m:-
ad h."l..\';'{ . "."..-{ P

iy’ -

A

- g e W
X

s
. S ]

20 i ¥

RPN
-, PEER

',
@ <A
l<. -,

e
P |
«Tale 4

44
"‘ﬁ‘j. 'l’..j. "' )

g)ﬁﬁ:A

P
AT ]

0
.
e

-

e

*
[P

@ ey AAI@ S,
. -{.t{-I-{tlnll. ' -,

-
A
o

! "-'-'\g" ‘J‘_ .’, I ."_ " .'_

LIST OF TABLES

Number
1 Horizontal Variability of SPT Data
2 Description of Piles
3 Pile Load Tests Results
4 Load Distribution in Compression Tests
5 Measured Residual Point Loads
6 Comparison of Vertical and Battered Pile Response
7 Comparison of Standard and Quick Test Procedures
8 Measured Quake Values
9 Pile Driving Analyzer Measurements
10 Engineering News Formula Predictions
11 Statistical Analysis of ENF Predictions . . .. .. .. ..
12 Summa;y of Prediction Methods .
13 Summary of Soil Borings Used for Predictions . .. .. ..
14 Predicted and Measured Ultimate Loads in Tension
15 Predicted and Measured Ultimate Loads in Compression
16 Statistical Analysis of Tension Tests .
17 Statistical Analysis of Compression Tests on H-Piles -
Plugged Case .
18 Statistical Analysis of Compression Tests on H-Piles -
Unplugged Case
19 Statistical Analysis of Compression Tests on H-Piles -
Half-Plugged Case
20 Statistical Analysis of Compression Tests of Pipe Piles
21 Parameters Used for Reese et al. P-y Curves . . . . . . ..
vii
et :; ?_", ':;i_;f-f PR I u s """""f'i:'*'f: and g

Page

15

18

26

26

28

31

32

13

38

42

43

44

44

45

46

46

47

47

47

48

57




@ 7
Iy - &?f

L
LN §

]
“1:.1‘“. &
a &t a

22

o v % S
o

A

PR

-
P

{ '-['x‘ -

» 15
]
et ats

W)

AR AR
r s e
ol

X"

X

(]
.
W fataf Al

7 1}
y 5t
P
R

ERiN

(!.P.

wuﬁ
."1"% "‘r"
R

.

. S

A )
N LN

P
S
AL

S’

e
a 4

(¥
A a

'.'i

x’

vw-
2N

k' 'f. :“‘4.") P
[CA

vt e
et

A' - l.
s

)

O

.|.I“

-
-

v N

Sttt

>

l' '%/l'{l
A

v'.n‘l

!‘S

) {.\ &
> u"'
~‘..

BT R TR T "W TEEEOEOST T

LIST OF FIGURES

Number

Page
1 Location of Locks and Dam No. 26 Replacement . . . . . . .. 3
2 Llocation of Pile Groups Within Phase 1 of Construction 4
3 Soil Profile A~ross Test Site . 5
4 Gradation Band of Sieve Analysis Test Samples Obtained
From SPT 6
5 In Situ Tests Borings for Pile Group 1 8
6 In Situ Tests Borings for Pile Group 2 8
7 In Situ Tests Borings for Pile Group 3 9
8 Cone Penetrometer Test Soundings 10
9 Standard Penetration Test Profiles 11
10 Pressuremeter Parameter Profiles for Pile Group 1. ... .. 12
11 Pressuremeter Parameter Profiles for Pile Group 2 . . . . .. 13
12 Pressuremeter Parameter Profiles for Pile Group 3 . . . . . . 14
13 Typical Driving Resistance Profile for Pile Terminating
Above Rock 20
14 Typical Driving Resistance Profile for Pile Driven to R.ck . 21
15 Load Test Results for Compression Tests on H-Piles
Driven to Rock 23
16 Load Test Results for Tension Tests on H-Piles
Driven to Rock 23
17 Load Test Results for Compression Tests on H-Piles in Sand . 24
18 Load Test Results for Tension Tests on H-Piles in Sand 24
19 Load Test Results for Compression Tests on Pipe Piles . 25
20 Load Test Results for Tension Tests on Pipe Piles . . . . .. 25
21 Normalized Load-Settlement Curves for Compression Tests
on H-Piles 29
22 Normalized Load-Settlement Curves for Tensi-n Tests
on H-Piles 29

4 ~l

w
< \;

S }‘?* o *é
$‘§‘i “. I X%, $‘: ‘.‘l‘ U UEI.‘ 2 .. U e .| '!e"h‘.'

viiil

Y
w"\

SR A

'«

‘”'L'”* ., \.w’\ s

AT

Lo l:'- \s\'o\. 2

\\x 4
S\'\(‘ ."




* T GWY WU ™y M WH R Sah Lol Sal ol o AR, Ale Ala Aoia Sa e A lA oA 4

e
>

L
' ’
“
O
A
A
! Q Page
-
( 23 Normalized Load-Settlement Curves for Compression Tests
‘x: on Pipe Piles . . . . . . . . . . . ... 30
-, .
e 24 Normalized Load-Settlement Curves for Tension Tests
- on Pipe Piles . . . . . . . . . . . .o 30
v 25 Point Load Transfer Curves for H-Piles . . . . . .. .. . 34
"
~\: 26 Average Side Load Transfer Curves for H-Piles ... .. . .. 35
v
v
B,
o:? 27 Determination of 25% Secant Quake Values . . ... .. .. . 36
’ o
' 28 RUT Versus N for Pile 1-3A Using 25% Secant Quakes . . . . . 39
;& 29 RUT Versus N for Pile 1-9 Using 25% Secant Quakes . . . . . . 40
>,
N 30 RUT Versus N for Pi.e 2-5 Using 25% Secant Quakes . . . . .. 4l
~3
° 31 Predicted Versus Measured Ultimate Loads for H-Piles
- in Tension . . . . . . . . ..o 0 L0 50
=
‘}' 32 Predicted Versus Measured Ultimate Loads for Pipe Piles
3 in Tension . . . . . . . . . . . . ... 51
LS
(-J 33 Predicted Versus Measured Ultimate Loads for H-Piles
in Compression . . . . . . . . . . L . oL L0000 52
o
\l
" 34 Predicted Versus Measured Ultimate Loads for Pipe Piles
- in Compression . e e e e e 53
N
35 Lateral Load Test Setup . . . . . . . . . . .« . . .« . . .. 55
36 Reese et al. P-y Curves in Sand . . . . . . . . . . . . . .. 56
37 Comparison of Predicted and Measured Lateral Deflections . . 59

".' @ -~ ."'.".4"...' -;' LNO 'l' e 1" O

.

NS

-

NIRRT X

x““-
LI 3

.':ﬁ:’;x [ ]

N P AL L R L " A n Ty
PR '-I’:'_.‘ P iy ':rp:.( '4‘\5"‘:"' " "'.r\.r_ -
TN N, ) ! ‘f oy Lo

Hﬁf\gtﬁfyﬂua‘k!
IQ:!.I;?:.: . 5‘ n‘!'l\n::!::h ;




Oy
D"
®
=
- 1. INTRODUCTION
( This report is a summary of four reports analyzing the results of
'l
Y
':3 the load tests and capacity predictions based on in situ test methods
. l- »
:Eg for the pile load test program performed by the U.S. Army Corps of Engi-
L
V) neers, St. Louis District, at the Locks and Dam 26 Replacement Project.
A
'::: The first repor: was an evaluation of in situ tests prediction methods
o
\ L]
'}j: for H-piles (Briaud, Huff, Tucker and Coyle, 1984). The second report
'
Wn

evaluated three lateral load prediction methods (Briaud, rasuell and

"
s

Tucker, 1984). The third report was a wave equation computer program

§oa 44
A
P

0
1 r

T

e

analysis to determine the values of quake and damping for use in a gra-

»

Vo
1

velly sand (Briaud, Lawson and Tucker, 1984). The last report was a

4
i

Ny further evaluation of in situ tests prediction methods (Shihadeh, 1987).
(04
M The 1load test program consisted of twenty-eight axial load tests which
L% SN
f | were performed to determine the effects of different loading procedures
T . . . ) . ;
T and pile batter on the compressive and tensile capacity of impact driven
A0
Caf
st
e H-piles and pipe piles. Two lateral load tests were performed on driven
-
N H-piles.
T -I. K3 r . 3 I3
fi . The site and soil are characterized and the in situ test results
.
Y : R . :
B are presented. The axial pile load test program is detailed and the
-_‘_l,
MRS
“ load test results are compared to show the effect of load procedure,
:ff pile batter and site variation. The predicted axial pile response based
{{i on pile driving analysis and static capacity predictions from 1in situ
> tests results is presented. These predictions are compared to the meas-
®
o . .
,%x{ ured response. The lateral load tests are described and the predicted
"
:jx’ and measured pile response are compared.
o
¥ -' -
K~ Conclusions are presented and recommendations are made for the wuse
L3
e of in situ tests in pile capacity prediction.
- 1
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_,\:; 2. THE SITE AND THE SOIL
( 2.1 The Test Site Location
o
:,:i The new Locks and Dam 26 is located on the Mississippi River at
N
}:n Alton, Illinois approximately 3 miles downstream from the old Locks and
.‘.\
a
v Dam 26 as shown on Figure 1. The project was constructed in three
7’ ..-
3}:ﬁ phases, the first of which consisted of six and one-half gatebays of the
SEW
o,
! ~f spillway and the stilling basin. The load test program was performed
)
( : during this first phase. An area approximately 1000 ft by 800 ft was
s
a}ﬁ enclosed in cofferdams and the water evacuated. The load tests were
Ao
BA
% ’5 performed in three groups located within the cofferdams as shown in
oy :
® Figure 2.

2.2 Soil Conditions
The overburden at the site may be divided 1into two categories:

alluvial depostis, including Flood Plain Deposits, Recent Alluvium and

A'luvial Outwash, and glacial deposits, including Wisconsonian Outwash,
Illinoian Outwash and Illinocian Till (Conroy, 1985). The soil profile
i) is shown 1in Figure 3. Before any pile driving took place, the river
X ?. bottom within the cofferdams was lowered by excavating between 15 and 25
.
:;ﬂ' ft of alluvial deposits (see Figure 3). The alluvial deposits are gen-
e
RV erally poorly graded sand (SP) with some gravel, having standard pene-
®
d 3 tration test (SPT) blow counts ranging from 15 to 40 blows per foot.
o
QAS The glacial deposits are outwash deposits ranging from clays to boul-
\I
3
P ders, with a predominance of medium to coarse sand with gravel. The SPT
®
Ty blow counts ranged from 30 to 90 blows per foot with occasional refusal
‘o
s (>100 blows per foot). The bedrock below the glacial deposits is a hard
oo
}:;Z limestone of Mississippian age (Conroy, 1985). A plect of grain size
S distributions for the soil is shown in Figure 4.
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FIG. 1. Location of Locks and Dam No. 26 Replacement
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The in situ test investigation consisted of 4 cone penetration test
(CPT) soundings, 4 SPT borings and 12 pressuremeter test (PMT) borings.
The location of the borings is shown on Figures 5 to 7 for the three
pile groups.

The CPT soundings were performed with a 20-ton cone truck pushing
an electrical cone with point, friction sleeve and pore pressure mea-
surements. The CPT results are presented in Figure 8.

The SPT borings were performed with both the standard split spoon
sampler according to ASTM D 1586 and also with a 3-in. outside diameter
split spoon sampler driven by a 350-1b hammer with an 18 in. drop. A
correlation between these two test procedures showed (Briaud et al.
1984) that the SPT blow count is approximately equal to 1.5 times the
blow count from the 3-in. sampler. This correlation has been used when
necessary to obtain SPT profiles for the three pile groups. The SPT
results are shown in Figure 9.

Six different pressuremeters were used in the site investigation.
They were the Menard, Oyo, Pavement, Slotted Tube, WES and TEXAM pres-
suremeters All pressuremeters except the Slotted Tube and Pavement
pressuremeters were Iinserted into a predrilled borehole prepared by
rotary drilling with axial injection of drilling mud. The Slotted Tube
pressuremeter was driven into the soil with the SPT hammer and the Pave-
ment pressuremeter was inserted into a hand-augered borehole. The pres-
suremeter tests resulted in profiles of net limit pressure (p{), initial
modulus (E,) and reload modulus (Er) which are shown in Figures 10, 11
and 12 for pile groups 1, 2 and 3 respectively. The results from the

six pressuremeters compare quite well; most of the variation in results
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can probably be attributed to actual vari -ion in the soil rather than
differences between pressuremeters. The values of the pressuremeter
parameters used in the predictions are shown in the figures for each
pile group.
2.3 Soil Variability

A series of approximately 400 over-water borings was performed
acrcss the entire dam site before construction. An area 400 ft by
200 ft corresponding to the pile test location was selected (Briaud and
Tucker 1984) which contained 13 SPT borings. In c-der to obtain an
indication of the soil variability, the soil was divided into 5 ft thick
horizontal layers. All the SPT blowcounts within one layer from the 13
borings were analyzed to obtain the mean, standard deviation and coeffi-
cient of wvariation. This process was performed for each layer. The

results are shown in Table 1. This analysis indicates that the average

Table 1. Horizontal Variability of SPT Data

Depth Mean Standard Coefficient
Deviation of Variation

(fr) (blows/ft) (blows/ft)

0-15 57.3 35.8 0.624
15-20 14.7 5.2 0.356
20-25 13.8 4.6 0.335
25-30 17.3 3.2 0.185
30-35 19.5 6.2 0.317
35-40 21.2 6.0 0.274
40-45 26.6 7.7 0.291
45-50 28.9 6.9 0.238
50-55 33.6 14.8 0.440
55-60 27.3 10.2 0.373
60-65 36.2 16.1 0.445
65-70 44,8 20.9 0.467
70-75 48.1 18.7 0.389
75-80 63.2 22.4 0.355
80-90 4.1 40.9 0.552
Average 35.1 14.6 0.376
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horizontal coefficient of variation is 37.6%. It is reasonable to ex-
pect that the pile capacities accross the site vary by at least that

amount.
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e~ 3. THE AXIAL PILE LOAD TEST PROGRAM
‘G
( 3.1 Objectives
o
.V;- The axial pile load test program was undertaken to investigate the
DL
;\i' effect of several factors on the compression and tension capacities of
A
D) driven steel H and pipe piles (Conroy 1985). The main objectives of the
o
::$4 program were to study
S
N}: . the effect of load test procedure on pile capacity
‘e (ASTM Standard vs. ASTM Quick)
‘_: the effect of pile batter on pile capacicty
o
:Q; H pile vs. pipe pile capacity
\"
"y
it: pile capacity variation across the site
®
.3
‘N 2.2 The Piles
‘PN
-J‘_‘q'
ﬂf The 1load test program consisted of 13 tension and 9 compression
o
(*\ tests on driven HPl4x73 piles and one tension and one compression test
i:: on 12 in., 14 in. and 16 in. diameter pipe piles. The H-piles varied in
-ﬂt: length from 37 ft to 71 ft. The pipe piles varied in length from 36 ft
g
P

to 48 ft. The pipe piles were filled with sand during the tension tests

50

N and with concrete during the compression tests. The piles were driven
.,
NN
-,;: on a 5 ft center-to-center spacing (Figures 5 to 7). The time bhetween
o,
iy
- driving and the start of the load test ranged from 4 to 133 days and
®
o averaged 22 days (Table 2). The were loaded to a maximum of 400 tons in
- compression and 150 tons in tension or until the pile continued to move
’---_:
D with no further increase in load. Details of the piles are given in
®
f:- Table 2.
g
T
'?& Sixteen of the H-piles were instrumented with six levels of tell
<
A" tales to obtain profiles of deflection versus depth during the load
o
N tests. The tell tales were mounted, after driving, within two channels
3 ".:
Yot
;«
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Table 2. Description of Piles

Begin Axial Blawcount
Date Load Test Pile Pile at Final
Pile Driven Test Type Type Length Batter Penetration
H64) (blows/ft)

1-1 8/14/82 8/18/82 Standard Tension HPl4x73 60.7% Vert 65
1-2 8/25/82 8/29/82  Standard Tension HPl4x73 54.00 Vert 29
1-3A 8/26/82 9/02/82 Standard Comp. HPl4x73 54.00 Vert 31
1-3B 8/26/82 9/05/82 Standard Tension HP1l4x73 54.00 Vert 31
1-4 9/10/82 9/14/82 Standard Tension HP1l4x?3 85.00 1:2.5 81
1-5 9/10/82 9/18/82 Quick Tension HP14x73 60.50 Vert 63
1-6 10/07/82 10/18/82 Quick Comp. HP14x73 $3.00 Vert 38
1-7 9/24/82 10/04/82 Quick Comp. HP14x73 59.00 Vert 79
1-8 9/22/82 9/27/82 Quick Comp. HP14x73 66.00 1:2.5 70
1-9 9/23/82 9/30/82 Quick Comp. HP14x73 58.00 1:2.5 29
2-1 8/25/82 8/30/82 Quick Tension HP14x73 55.00 Vert 21
2-2 8/18/82 8/24/82 Quick Tension HP14x73 59.00 1:2.5 32
2-3 8/27/82 9/03/82 Quick Tension BP14x73 69.20 1:2.8 75
2-4 8/26/82 8/31/82 Standard Tension HP14x73 58.00 1:2.5 20
2-5 9/28/82 10/06/82 Standard Comp. AP14x73 598.00 1:2.5 24
2-6 9/13/82 9/23/82 Standard Comp. HP14x73 71.17 1:2.5 73
-7 9/16/82 9/29/82 Standard Comp. HBPl4x73 66.83 Vert 79

. 2-8 10/29/82 11/03/82 Standard Tension HPlax73 40.00 Vert NA

-_ 3-1 12/01/82 12/28/82 Standard Coap. 12" Pipe 46.70 Vert 13

: 3-2 12/01/82 1/04/83 Standard Tension 12" Pipe 36.00 Vert 40
3-4 12/01/82 1/03/83 Standard Comp. 14" Pipe 47.20 Vert 28
3-5 12/01/82 12/28/82 Standard Tension 14" Pipe 36.50 Vert 17
3-7 12/01/82 1/07/83 Standard Comp. 16" Pipe 47.80 Vezt 22
3-8 12/01/82 12/29/82 Standard Tension 16" Pipe 236.50 Vert 32
3-10 12/28/82 1/06/83 Standard Comp. HP14x73 65.687 Vert a0
3-14 11/18/82 3/14/83 Quick Temsion BP14x73 39.00 Vert 21
3-15 11/10/82 3/23/83 Quick Tension HP14x73 37.00 Vert 3
3-16 3/25/83 4/27/83 Quick Tension HPl4x73 37.00 Vert LT

(C4x7.25) welded to each side of the web of the H-piles. The deflec-
tions were monitored using manually-read dial gauges mounted on the
piles at the top of the tell tales. For the remainder of the piles,
only the top load and settlement were obtained.

The piles were driven with an ICE 640 diesel pile driving hammer

with a rated maximum energy of 40,000 ft-lbs. The average blow count

for the last foot of penetration ranged from 9 to 38 blows per foot
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B (bpf) with an average of 25 bpf for the short piles which stopped in the

ENV: soil above the bedrock, and from 63 to 81 bpf with an average of 74 bpf
;\ﬁ for the long piles driven to bedrock. The blow counts for each pile are
?Eﬁ given in Table 2 and typical logs of blow count versus depth for a short
&ﬁﬁ pile and a long pile are shown in Figures 13 and 14 respectively.

g E 3.3 The Load Test Procedures

;h:a The 1load tests were carried out according to the ASTM D1143-74
o Standard and Quick procedures. Minor changes were made in the ASTM
&:é procedures because 1increased accuracy in the measurement systems and
oy

P
v
RN
)

additional displacetenc readings were required. Also, the unloading

portion of the tests was shortened in order to reduce the time necessary

G,

to run the tests. Table 2 indicates which piles were tested using the

: . Standard procedure and which piles were tested using the Quick proce-
S'.i dure.
»”
’
s 3.4 Definition of Measured Ultimate Load
()
\:R; In order to compare the measured results with predictions, or to
:) use the load tests results in a design, a criterion must be specified to
lIK} determine the ultimate load. This is especially necessary for pile load
W
e
; > tests in sand where a plunging load is seldom obtained. In this study
T
i ) the ultimate 1load was defined as the load, Pult’ corresponding to a
L:A
<o settlement, s:
0y
i D . Pyrel
s S W
L O
° 1 AE
| \"'rx
o
::f{ D = equivalent pile diameter
‘0 L = pile length
:{;u A = pile cross-sectional area
® E = pile modulus of elasticity
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N 3.5 Load Test Results

\ The load tests have been divided into six groups based on pile

~ ,

;" type, depth of penetration and test type. The six groups are as

‘j follows:

: i. 1. H-piles - driven to rock - compression tests

‘,.‘ 2. H-piles - driven to rock - tension tests

: 3. H-piles - stopped above rock - compression tests

\_‘ 4, H-piles - stopped above rock - tension tests

.SE: 5. Pipe piles - stopped above rock - compression tests

J', 6. Pipe piles - stopped above rock - tension tests
.‘ 3.5.1 Ultimate Loads. The load-settlement curves for the categor-

E; ies above are shown in Figures 15 to 20 with individual piles marked.

] .';_' Also marked on these figures are the orientation of the pile and the

LA >

('" test procedure used. The ultimate loads according to the definition in

:}E Section 3.4 are shown in Table 3 with their corresponding settlements.
_ \_E The load tests on the H-piles which were driven to rock did not achieve

%‘) enough movement in either compression or tension to determine an ulti-

3:0 mate load. Also shown in Table 3 are the allowable loads for a factor
§?,;: of safety of 2 with their corresponding settlements and stiffness

’_‘ values. The stiffness is defined as the allowable load divided by the
.

E: corresponding settlement. Since the load-settlement curves are approxi-
: mately linear up to this point the stiffness is simply the initial slope
1-.